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BIOCIDAL ORGANIC ACID SALTS OF A POLYMERIC BIGUANIDE 

The present invention relates to organic acid salts of polymeric biguanides, to 
compositions thereof, and their use as ah industrial bioclde or in personal care 
applications. 

Poly(hexamethylenebiguanide) (hereinafter PHMB) has found many uses as a" 
5 broad spectrum bactericide in both industrial and personal care applications and is 
commercially available as an aqueous concentrate of its hydrochloride salL For most 
applications, the use of PHMB in the form of its hydrochloride salt is eminently suitable. 
However, there exist some applications wrtiere the presence of chloride ion can cause 
undesirable side effects such as conrosion of metal surfaces. GB 1.464,005 discloses 

10 that other salts of PHMB may be used as molluscicides, such as sulphate, acetate, 
gluconate and behenate. However, no microbiological data is recorded for such salts. 
Behenic acid is an aliphatic cariDoxylic acid containing a C2ratkyl chain and falls within the 
group, anionic surfactants. The concentrated aqueous solution of PHMB in the form of its 
hydrochloride salt is clearly stated to be incompatible with anionic surfactants, alkyi 

15 sulphonates and anionic caramels as disclosed in the Product Information Notes for 
Vantocil IB (37-8E dated 1 June 1994) and Cosmocil CQ (37-26E dated 1 April 1994). 
Both Vantocil and Cosmocil are registered trade marics of Zeneca Specialties. 

Bisbiguanides have also been made available commercially as water-soluble salts 
such as chlorhexidine (l.l-hexamethylene bisI5-{4-chlorophenyl)-biguanide]digluconate) 

20 and alexidine (l.l'-hexamethylene bis [5-(4-(2-ethylhexyl)phenyl)-biguanide]-diacetate). 
These water-soluble salts and PHMB hydrochloride are not particulariy suited to provide a 
solution of the polymeric biguanide in organic liquids, especially non-polar organic liquids. 

It has now been found that PHMB in the form of its salt of an organic acid 
containing from 4 to 30 carbon atoms exhibits high antimicrobial, especially antibacterial 

25 activity, and that such salts exhibit increased solubility in organic media, especially 
organic liquids. 

According to the present invention there is provided a composition comprising a 

carrier and a polymeric biguanide in the form of Its salt with an organic acid containing 

from 4 to 30 carbon atoms, including mixtures thereof. 

30 The polymeric biguanide contains at least one biguanide unit of Formula 1. 

— HN-C-NH-C-NH— 
tl II 
NH NH 

Formula 1 

Preferably, the polymeric biguanide contains at least two biguanide units of 
Fomiula 1 which are linked by a bridging group which contains at least one methylene 
group. The bridging group may include a polymethylene chain which may optionally be 
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intemjpted by hetero atoms such as oxygen, sulphur or nitrogen. The bridging group may 

include one or more cyclic nuclei which may be saturated or unsaturated. Preferably, the 

bridging group is such that there are at least three, and especially at least four, carbon 

atoms directly interposed l>etween two adjacent biguanide units of Formula 1. Preferably, 

there are not greater than ten and especially not greater than eight carbon atoms 

interposed between two adjacent biguanide units of Formula 1 . " 

The polymeric biguanide may be temninated by any suitable group which may be a 

hydrocarbyl or substituted hydrocarbyl group or an amine or a group 

— NH-C-NH— CN 
II 

NH 

When the terminating group is a hydrocarbyl group, it may be alkyl. cycloalkyi or 

aralkyl. 

When the temriinating group is a substituted hydrocarbyl group, the substituent 
may be any substituent that does not exhibit an undesirable adverse effect on the 
microbiological properties of the polymeric biguanide. Examples of such substituents or 
substituted hydrocarbyl groups are aryloxy, alkoxy, acyl, acyloxy, halogen and nitrile. 

When the polymeric biguanide contains two biguanide groups of Formula 1 . the 
two biguanide units are preferably linked by a polymethylene group, especially a 
hexamethylene group. The terminating groups in such polymeric biguanides are 
preferably 4-chlorophenyI or 2-ethylhexyl. Examples of such compounds are represented 
by Fomnulae 2 and 3 in their free base fomn 


Nrt— C-NH— C— (CHA. 
-NH NM 


Formula 2 


C<Hj CH CHj— NH— C— NH— C— (CHj),- 


Formula 3 


NH 


The polymeric biguanide preferably contains more than two biguanide units of 

Formula 1 and preferably is a linear polymeric biguanide which has a recumng polymeric 

unit represented by Formula 4 

— ^^X-NH-C-NH-C-NH-Y-NH-C-NH-C-NH— 
II II II II 

NH NH NH NH 

Formula 4 
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wherein X and Y may be the same or different and represent bridging groups in which, 
together, the total number of carbon atoms directly interposed between the pairs of 
nitrogen atoms linked by X and Y is not less than 9 and not greater than 17. 

The bridging groups X and Y may consist of a polymethylene chain, optionally 
intenupted by a heteroatom such as oxygen, sulphur or nitrogen. X and Y may also 
incorporate a cyclic nucleus which may be saturated or unsaturated, wherein the number" 
of carbon atoms directly interposed between the pairs of nitrogen atoms linked by X and 
Y is taken as including that segment of the cyclic group, or groups, which is the shortest! 
Thus, the number of carbon atoms directly interposed between the nitrogen atoms in the 
group 



— NH-CH2O OCH2-NH— 

is 4 and not 8. 

The prefen-ed polymeric biguanide for use in the present invention is 
poly{hexamethyIenebiguanide). in which both X and Y in Formula 4 are the group -{CH^s- 

The polymeric biguanides of Formula 4 are typically obtained as mixtures of 
polymers in which the polymer chains are of different lengths. Preferably, the number of 
individual biguanide units 

— X-NH-C-NH-C-NH— and —y-NH-C-NH-C-NH— 
" " II II 

NH NH f^H NH 

is. together, from 3 to about 80. 

In the case of the preferred poly(hexamethylenebiguanide) it is a mixture 

represented by the compounds of Formula 5 in the free-base form. 

— f(CHj),— NH— C-NH— C— NH 
I NH NH 

Formula 5 

wherein the value of n is from 4 to 40 and especially from 4 to 15. It is particularly 
prefen-ed that the average value of n in the mixture is 12. Preferably, the average 
molecular weight of the polymer mixture is from 1 100 to 3300. 

The organic acid which fornis the salt with the polymeric biguanide may contain a 
phosphonic, phosphoric, sulphonic or sulphate group but preferably contains a carboxylic 
acid group. The organic add may be aromatic but is preferably aliphatic, Including 
alicyclic. When the organic acid is aliphatic, the aliphatic chain of the organic acid may be 
linear or branched, saturated or unsaturated, including mixtures thereof. Preferably, the 
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aliphatic chain is linear and it is also prefenred that the organic acid is an aliphatic 
carboxylic acid. 

It is preferred that the organic acid contains not less than eight, more preferably 
not less than ten and especially not less than twelve carbon atonns excluding the acid 
5 group. Preferably, the organic acid contains not greater than 24, more preferably not 
greater than 20 and especially not greater than 18 carbon atoms excluding the add" 
group. 

The organic acid may contain more than one acid group but rt is preferred that 

only one such group is present. 
10 The organic acid may be substituted by a halogen or particularly hydroxy group. It 

is. however, preferred that the organic acid is free from substituents. 

Some aliphatic carboxylic acids are available commercially as mixtures such as 

those obtained from animal fats and vegetable oils and these contain both saturated and 

unsaturated aliphatic chains. These have also been found useful, especially the O^^.^^' 
1 5 alkyi carboxylic acids and their fully saturated or hydrogenated analogues. 

Examples of optionally substituted carboxylic acids are valeric, hexanoic. octanoic, 

2-octenoic, lauric. 5-dodecenoic. myristic, pentadecanoic, palmitic, oleic, stearic, 

eicosanoic, heptadecanoic. palmitoleic, ricinoleic, 12-hydroxystearic, 16- 

hydroxyhexadecanoic. 2-hydroxycaproic. 12-hydroxydodecanoic, 5-hydroxydodecanoic, 
20 5-hydroxydecanoic. 4-hydroxydecanoic, dodecanedioic. undecanedioic, sebacic, benzoic, 

hydroxbenzoic and teraphthalic acids. 

Particularly useful effects have been obtained when the aliphatic cartraxylic add is 

stearic acid and the polymeric biguanide is PHMB. 

\ ne earner may oe a solid but Is preferably a liquid. 

25 The liquid may be water whereby the composition containing the organic acid is a 

dispersion or emulsion. Preferably, the aqueous composition also contains a surfactant, 

particulariy a non-ionic surfactant such as a potyalkylene oxide and especially an. 

ethoxylate. The aqueous composition may also contain other adjuvents which help 

distribute the polymeric biguanide salt uniformly throughout the composition. Examples of 
30 such adjuvants are compounds which provide structure to the water to inhibit 

sedimentation such as alginates and gums, particulariy Xanthan gum. 

When the carrier is a liquid it is preferably a polar organic liquid, a substantially 

non-polar organic liquid or a halogenated hydrocart>on. By the term "polar" in relation to 

the organic liquid is meant an organic liquid or resin capable of forming moderate to 
35 strong bonds as described in the artide entitled "A Three Dimensional Approach to 

Solubility" by Crowley et al in Joumal of Paint Technology, Vol. 38, 1966, at page 269. 

Such organic liquids generally have a hydrogen bonding number of 5 or more as defined 

in the abov mentioned artide. 
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Examples of suitable polar organic liquids are amines, ethers, especially lower 
alky! ethers, organic acids, esters, ketones, glycols, alcohols and amides. Numerous 
specific examples of such moderately strongly hydrogen bonding liquids are given in the 
book entitled "Compatibility and Solubility" by Ibert Mellan (published in 1968 by Noyes 
Development Corporation) in Table 2.14 on pages 39-40 and these liquids all fall within 
the scope of the term polar organic liquid as used herein. 

Preferred polar organic liquids are dialkyi ketones, alkyi esters of alkane carboxylic 
acids and alkanols. especially such liquids containing up to, and including, a total of 6 
carbon atoms. As examples of the preferred and especially preferred liquids there may 
be mentioned dialkyi and cycloalkyi ketones, such as acetone, methyl ethyl ketone, 
diethyl ketone, di-isopropyl ketone, methyl isobutyl ketone, di-isobutyl ketone, methyl 
isoamyl ketone, methyl n-amyl ketone and cyclohexanone; alkyI esters such as methyl 
acetate, ethyl acetate, isopropyl acetate, butyl acetate, ethyl formate, methyl propionate, 
methoxy propylacetate and ethyl butyrate; glycols and glycol esters and ethers, such as 
ethylene glycol. 2-ethoxyethanol, 3-methoxypropylpropanol. 3-ethoxypropylpropanol, 2- 
butoxyethyl acetate, 3-methoxypropyl acetate. 3-ethoxypropyl acetate and 2-ethoxyethyl 
acetate; alkanols such as methanol, ethanol. n-propanol. isopropanol, n-butanol and 
isobutanol and dialkyi and cyclic ethers such as diethyl ether and tetrahydrofuran. 

The substantially non-polar, organic liquids which may be used, either alone or in 
admixture with the aforementioned polar liquids, are aliphatic and aromatic hydrocarbons, 
such as toluene and xylene, and halogenated aliphatic and aromatic hydrocarbons, such 
as trichloro-ethylene, perchloroethylene and chlorobenzene. 

The organic acid salt of the polymeric biguanide may be made by any method 
known to the art but is preferably made by precipitation of the biguanide from aqueous 
solution by addition of the organic acid under alkaline conditions. The organic acid salts 
of the biguanide may be further purified by dissolution in a suitable organic liquid which is 
preferably immiscible with water and washing the organic phase with water to remove any 
residual water soluble salts. 

The amount of polymeric biguanide in the composition may vary between wide 
limits depending on its end usage. Thus, where the composition is used to confer 
antimicrobial protection to a medium which is to be protected against microbiological 
spoilage the amount of polymeric biguanide may be just sufficient to provide such 
protection. Preferably the amount of biguanide is not less than 1 ppm, more preferably 
not less than 10 ppm and especially not less than 20 ppm. It will be appreciated that 
where the composition containing the salt of the polymeric biguanide is to be transported 
in bulk the amount of the polymeric biguanide salt is as high as possible provided that the 
biguanide salt remains uniformly distributed throughout the composition. Preferably, the 
amount of polymeric biguanide salt in the composition is not greater than 30%, more 
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preferably not greater than 25% and especially not greater than 20% based on the total 
weight of the composition. 

Some of the polymeric biguanides in the form of a salt wfth an organic acid 
containing from 4 to 30 carbon atoms are novel. Thus, according to a further aspect of 
5 the invention there is provided a polymeric biguanide in the fomi of a salt with an aliphatic 
carboxylic acid containing from 4 to 20 carbon atoms, particularty from 10 to 20 carbdrr 
atoms and especially from 12 to 18 carbon atoms excluding the -COOH group, optionally 
substituted by hydroxy. 

It is particulariy preferred that the aliphatic carboxylic acid is free from 
10 substituents. 

The aliphatic carboxylic acid may be linear or branched, saturated or unsaturated, 
including mixtures thereof. It is preferred that the aliphatic carboxylic add is linear and 
saturated. 

It is especially preferred that the polymeric biguanide is PHMB. 
As noted hereinbefore, the organic acid salts of the polymeric biguanide exhibit 
antimicrobial, especially antibacterial, activity. Consequently, the polymeric biguanide 
salts or compositions containing the polymeric biguanide salts may be used to protect 
various media from microbiological growth. 

According to a still further aspect of the invention there is provided a method for 
inhibiting microbiological growrth on. or in a medium which comprises treating the medium 
with a polymeric biguanide in the forni of its salt with an organic add containing from 4 to 
30 carbon atoms. The polymeric biguanide salt can be used in any conditions in which 
micro-organisms grow and c ause problems. Thus, the me riin m m i]f l .ii m I i iJulUuI " 
medium sud uas-a ^ uul my wdlei lower liquid, paper mill l iquor, metal woridng fluid. 


15 


20 


25 


35 


geological drilling lubricant, polymer emulsion, surface coating composition such as paint! 
varnish or lacquer. The medium to be proteded can be a solid sudi as wood or leather 
and particularty solid surfaces in the health-care or food preparation industries. The solid 
may also be a textile material such as cellulose, induding its blends with synthetic 
polymers and also non-woven materials such as those used in disposable items sudi as 
30 nappies, incontinence pads and feminine hygiene packs. 

Where the medium to be proteded is a solid, the polymeric biguanide salt may be 
applied by any method known to the art such as spraying, dipping or coating with a 
composition containing the polymeric biguanide salt. 

As noted hereinbefore, the amount of polymeric biguanide salt which is applied to 
the medium to be proteded from microbiological growth may be just suffident to inhibit 
sudi growth or it may be in excess of such amount. Preferably, the amount of polymeric 
biguanide salt wrtiidi is applied to such medium is not greater than 2% and more 
preferably not greater than 1% by weight of the medium. Generally, adequate protedion 
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is provided by from 1 ppm to 500 ppm, particularly 10 to 200 ppm and especially 10 to 
100 ppm of the polymeric biguanlde salt relating to the medium. 

The invention is illustrated by the following examples wherein all parts and 
percentages are references to weight unless indicated to the contrary, 

5 

Example 1 

Preparation of siearate salt of PHMB 

Water (150 litres) was added to a reactor vessel followed by stearic acid (14.8 
Kgm, 0.047M). Sodium hydroxide flake (1.88 Kgm, 0.047M) was added with stirring, 
10 giving a pH value in the range 9.0 to 10.0. PHMB hydrochloride (50 litres as 20% 
aqueous solution, 0.047M, Vantocil IB ex. Zeneca) was added and the reactants stinred at 
80°C for 2 hours. After cooling, the PHMB stearate salt was separated on a slurry filter, 
washed with water and dried. 

The product was obtained as a paste containing 11.0 Kgm PHMB stearate (50% 
15 theory). 

The PHMB stearate salt exhibited similar microbiological activity to the 
hydrochloride salt when allowance is made for the different molecular weights. 

Example 2 

20 Palmitic acid (1.35 parts ex Aldrich) were dissolved in water (15ml) by heating to 

60°C and adjusting the pH value to between 9 and 10 by adding caustic soda. PHMB 
hydrochloride (1 part as 20% solution. Cosmocil CQ ex Zeneca) was added and the 
reactants stirred at 80**C for 2 hours. The reaction mass was then cooled to 20*C 
whereupon the PHMB palmitate separated as a clear gum (1.86 parts). 

25 

Examples 3 and 4 

Example 2 was repeated except replacing the palmitic acid with an equivalent 
amount of lauric acid and octanoic acid, respectively. 

30 Examples 5 to 11 

The MIC values for the different salts of poly(hexamethylene biguanide) were 
determined by dissolving the salts in methanol/dimethyifonnamide (1:6). The results are 
given in Table 1 below and show that the different salts exhibit similar antimicrobial 
activity against yeast and bacteria. 


35 


wo 98/56253 


6 


PCT/GB98A>1662 


Table 1 


Example 

Anion 

C.aibicans 

E.coli 

St.aureus 

5 

stearate 

100 

2.3 

3.1 

6 

palmitate 

150 

4.7 

4.7 

7 

octanoate 

>150 

0.8 

2.3 

8 

laurate 

>150 

1.2 

i.2 

9 

chloride (0) 

>150 

0.8 

1.2 

10 

chloride (W) 

>150 

0.4 

1.6 

11 

stearate (M) 

>150 

2.3 

3.1 


Foot note to Table 1 

5 

C. albicans is Candida albicans 
E. coli is Escherichia coli 

St. aureus is Staphylococcus aureus 

D. is dried sample of poly(hexamethylenebiguanide) hydrochloride 

0 W. is sample of poly(hexamethyleneblguanide)hydrochloride dissolved in water 

M. is sample of poly(hexamethylenebiguanide)hydrochloride dissolved in methanol. 
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CLAIMS 

1 . A composition comprising a carrier and a polymeric biguanide in the form of its salt 
with an organic acid containing from 4 to 30 carbon atoms, including mixtures thereof. 

2. A composition as claimed in claim 1 wherein the polymeric biguanide contains at- 
least one biguanide unit of Formula 1 

— HN-C-NH-C-NH— 
II II 
NH NH 

Fomiula 1 

10 3. A composiUon as claimed in either claim 1 or claim 2 wherein the polymeric 
biguanide is a linear polymeric biguanide which has a recumng polymeric unit 
represented by Formula 4 

— X-NH-C-NH-C-NH-Y-NH-C-NH-C-NH— 
II II II II 

NH NH NH NH 

Formula 4 

wherein X and Y may be the same or different and represent bridging groups in which 
15 together, the total number of carbon atoms directly interposed between the pairs of 
nitrogen atoms linked by X and Y is not less than 9 and not greater than 17. 

A. A composition as claimed in claim 3 wherein both X and Y Is the group -{CH^^-. 

20 5. A composition as claimed in any one of claims 1 to 4 wherein the polymeric 
biguanide is a mixture represented by the compounds of Formula 5 in the free-base form 


25 


•-|-(CHj),--NH— C-NH— C--NHi-- 


Formula 5 

wherein n is from 4 to 40. 


6. A composition as claimed in any one of claims 1 to 5 wherein the organic add 
contains a carboxylic acid group. 

7. A composition as claimed in any one of claims 1 to 6 wherein the organic acid 
30 contains from 12 to 18 carbon atoms. 
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8. A composition as claimed in any one of claims 1 to 6 wherein the organic acid is 
selected from valeric, hexanoic, octanoic. 2-octenoic» lauric, 5-dodecenoic. myristic, 
pentadecanoic, palmitic, oleic, stearic, eicosanoic, heptadecanoic. palmitoleic. ricinoleic, 
12-hydroxystearic. 16-hydroxyhexadecanoic. 2-hydroxycaproiCi 12-hydroxydodecanoic, 5- 
hydroxydodecanoic, 5-hydroxydecanoic, 4-hydroxydecanoic, dodecanedioic, 
undecanedioic, sebacic. benzoic, hydroxbenzoic and teraphthalic acids. 

9. A composition as claimed in any one of claims 1 to 8 wherein the canier is a polar 
organic liquid, a substantially non-polar organic liquid or a halogenated hydrocarbon. 

10. A composition as claimed In claim 9 wherein the polar organic liquid is an alkanol. 

11. A polymeric biguanide in the form of its salt with an aliphatic carboxylic acid 
containing from 4 to 20 carbon atoms excluding the acid group. 

12. The salt of a polymeric biguanide as claimed in claim 11 wherein the polymeric 
biguanide is a mixture represented by the compounds of Formula 5 in the free-base form 


wherein n is from 4 to 40. 

T hf> Rfl i t nf n pn l ymnrir higitnniHa qc HaimiaH in g>ithor riatm 11 n r niaim ^7 wherein 

the aliphatic acid is stearic acid. 

14. A method for inhibiting microbiological growth on. or in a medium which comprises 
treating the medium with a polymeric biguanide in the form of its salt with an organic acid 
containing from 4 to 30 carbon atoms. 



Formula 5 
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